Background: Behavioral and geographical factors may play a role in the acquisition of scrub typhus infection. In this prospective case-control study, we studied the factors associated with infection. Patients and Methods: Consecutive adult patients admitted with scrub typhus infection over 10 months were recruited. For every case, a geographical control from the same area and a gender-matched clinical control admitted with acute febrile illness were enrolled. The risk factors, which included sanitation, environment, activity, and protective measures, were compared between cases and controls using univariable and multivariable conditional logistic regression analysis and expressed as odds ratio (OR) with 95% confidence interval (CI). Results: The study cohort (n = 225; 132 female) aged 44 ± 17 years comprised of 75 cases and 150 controls from mid to low socioeconomic background. When compared with clinical controls, on univariable conditional regression analysis, cases were more likely to be involved in farming or gardening and less likely to have a toilet within the house. On multivariate regression analysis, only involvement in farming or gardening was associated with infection (OR: 4.2, 95% CI: 1.5-11.5). When compared with geographical controls, on univariable conditional regression analysis, cases were less likely to change undergarments or clothes before sleeping (OR: 3.5, 95% CI: 1.3-9.5) and more likely to have rodents in their house (OR: 2.5, 95% CI: 1-6.4) and rest on grass/mud without a mat (OR: 2.4, 95% CI: 1.1-5.3). On multivariate regression analysis, not changing undergarments or clothes tended to be associated with infection (OR: 2.7, 95% CI: 0.98-7.3). Conclusion: Certain behavioral factors predisposed our cohort to develop scrub typhus infection. Lifestyle changes may reduce the burden of scrub typhus in South India.
IntRoductIon
Scrub typhus, a zoonotic rickettsial infection caused by Orientia tsutsugamushi and transmitted through the bite of the larvae (chigger) of the Trombiculid mite, affects close to a million people annually in the endemic area called the tsutsugamushi triangle. [1] In some centers, it is an important cause of acute undifferentiated febrile illness with multiorgan dysfunction [2, 3] that may be associated with significant morbidity and mortality. The presence of an eschar at the site of the bite, in some individuals, helps in the clinical recognition of the disease.
The mite species identified in India are Leptotrombidium deliense and Shoengastiella ligula. [4] The bacteria are maintained in the mite population by transovarian spread. The chiggers (larvae of the mite) rest on low-lying scrubs and grass in groups called islands of chiggers. They sense carbon dioxide generated by approaching warm-blooded animals, and this increases their activity. They drop off leaves onto their host and attach themselves to the hosts' skin. Then, they feed on dead epidermal cells and fluids. After feeding for 2-3 days, the chigger gets engorged and falls off the host. [5] Thus, unlike other zoonosis, the vector does not seek out its host; the hosts put themselves at risk of a chigger bite through various activities. Increased exposure to the vector due to urbanization, development of antibiotic resistance, and significant morbidity and mortality in those who develop scrub typhus infection make preventive measures to reduce disease burden imperative.
Previous studies from Asia have shown that exposure to scrubland, exposure of skin during working, and lack of use of protective gear are the key factors for the spread of this disease. [8] [9] [10] [11] However, this does not explain the occurrence of the disease in urban areas or among people not engaged in farming. Although some factors described above are common in our setting, other features peculiar to people living in South India, such as the use of outdoor make-shift toilets (even among urban families), squatting in the outdoor, and cooking and drying clothes on open grass, may favor acquisition of scrub typhus in our setting. This study was therefore conducted to look at the environmental factors and the activities that put people at risk of acquiring scrub typhus in a semi-urban area in South India.
PatIents and Methods

Setting
This hospital-based, prospective case-control study was done in a tertiary care teaching hospital in South India. Consecutive patients admitted to the general medical wards and Intensive Care Unit from January to October 2013 were considered for inclusion.
Study cohort
Cases were patients who presented to the hospital with an acute febrile illness (AFI) and who fulfilled the modified World Health Organization case definition for scrub typhus.
[12] Patients <18 years and those who did not have an appropriate geographic control were excluded. For every case, a geographical control and a clinical control were enrolled. A geographical control was the first gender-matched relative who came to visit the patient from the same neighborhood or district. The clinical control was the next, gender-matched patient, admitted in any of the medical wards with an AFI of <2 weeks with a diagnosis other than scrub typhus. Matching of gender was done as activities may be influenced by gender-defined roles. The rationale for the geographical control was that they would share a similar environment as the case so that the activities that put cases at risk of scrub typhus may be studied. Clinical controls were taken as they would have similar health-seeking behavior as the cases, and they would allow for comparison of risk factors in the environment and activities between the two groups.
Data collection
Before initiation of the study, field visits were conducted in the homes of three patients with proven scrub typhus infection. All were from a semi-urban area. They lived in thatched houses with mud flooring and had piles of wood outside their house. There was dense scrub vegetation within the compounds. None of the homes had a toilet inside the house; however, one had a thatched toilet in the backyard. The homes had wooden stoves (Chulha) on the floor, placed outside the house. In general, women wore saris with short-sleeved blouses while men wore sleeveless vests and a dhoti.
Based on the field visits and data from other studies on the pathogenesis of scrub typhus, a standardized questionnaire with the proposed risk factors was developed. This was administered to four patients admitted with AFI and simplified based on the pilot test. The principal investigator administered the questionnaire to every case and control individually, after obtaining written informed consent. However, when a patient was too sick to be interviewed, the interview was postponed until before discharge. If the patient was clinically deteriorating and deemed unlikely to survive the illness, the questionnaire was administered to the next of kin who lived with the patient. After the interviews, a health education session on prevention of scrub typhus was done, and pamphlets in vernacular were distributed. 
Results
During the study period, 75 consecutive patients with scrub typhus and 150 controls were recruited. The mean (SD) age of the entire cohort was 44 ± 17 years. There was a female preponderance (58.7%). More than half of the patients (53%) were from an urban area. A majority (88%) belonged to the low and middle socioeconomic strata and lived in thatched or mud houses. Most patients were from the local district (45.3%) while 38.7% were from a neighboring district situated about 30 km from our hospital. Only about 20% of the patients presented from a radius of over 70 km from the hospital. The mean (SD) age was similar in cases (44.5 ± 17.2), geographical controls (38.1 ± 10.6), and clinical controls (44.9 ± 17.5).
Climatic conditions
It was observed that there were only a few cases during the summer months. However, during the rainy season, the number of cases increased. The change in a number of cases corresponded to the rise in the humidity rather than to variations in the temperature [ Figure 1 ].
Comparisons
The cases were compared to their clinical controls and geographical controls independently. The univariate analysis is summarized in Tables 1 and 2 and the multivariable conditional  logistic regressions in Table 3 .
When compared with clinical controls, cases were more likely to be involved in farming or gardening activities (OR: 4.3, 95% CI: 1.8-10.5) and spend time resting directly, without a mat, on grass and mud (OR: 1.8, 95% CI: 0.9-3.2) and were also more likely to have no toilets within their houses (OR: 2.0, 95% CI: 1-4). The environmental risk factors (surroundings) were similar in the two groups. The use of protective measures was similar in the two groups [ Tables 1 and 2 ]. The multiple variable conditional logistic regression analysis showed that involvement in any farming or gardening activity was associated with a 4 times higher risk of acquiring scrub typhus [ Table 3 ], with an OR of 4.2 (95% CI: 1.5-11.5, P = 0.006).
When compared with geographical controls [Tables 1 and 2] , cases were less likely to change undergarments before sleeping (OR: 3.5, 95% CI: 1.3-9.5) and more likely to rest directly, without a mat, on the grass or mud (OR: 2.4, 95% CI: 1.1-5.3). The presence of rodents in the house was also associated with higher odds of scrub typhus (OR: 2.5, 95% CI: 1.0-6.4). On multiple variable conditional logistic regression analysis [ Table 3 ], not changing overclothes or underclothes after returning home tended to be associated with a higher risk of acquiring scrub typhus (OR: 2.7, 95% CI: 0.98-7.3, P = 0.053).
dIscussIon
Scrub typhus is transmitted to humans either when a man/woman is exposed to the mite through certain activities or while dwelling in proximity to the vectors' habitat. Every year, there is a surge of patients admitted with scrub typhus during the rainy season that claims many lives. Although the treatment of scrub typhus is NA *This factor was analyzed among the group of individuals who used underclothes, which was 35 in the cases, 36 in the clinical controls, and 33 in the geographical control; values in parentheses indicate percentage unless specified otherwise; NA: Could not be analyzed due to very small numbers; drying clothes on grass was also assessed; however, the numbers were too small to be analyzed. CI: Confidence interval, OR: Odds ratio Figure 1 : Incidence of scrub typhus cases over the study period (January to September 2013) and their relation to rainfall and temperature relatively simple and inexpensive, comprising of a short course of doxycycline, about 30% develop severe illness necessitating intensive care treatment. [3] This adds to the financial strain on the limited resources in a developing country. Reports of doxycycline-resistant infection [7] further add to the concern. Given this background, it is important to study the factors associated with the acquisition of scrub typhus and determine if certain factors can be modified to tackle this problem.
The role of climatic conditions in the acquisition of scrub typhus is known. The increase in the number of cases in our study, during certain months, appeared to be a function of rainfall and humidity rather than temperature per se [ Figure 1 ]. Similar observations were made by Li et al., who found that an increase of 1 mm of rainfall resulted in an increase of up to 1% cases in South China. [13] The changing global climatic conditions may lead to further increase in cases in the coming years. Although climate is a nonmodifiable factor, the observed incidence pattern of this disease during the rainy season could result in the implementation of certain public health measures (control of vector, reduction of scrub, and health education) during this season, particularly in highly endemic regions. This may impact the burden of disease.
The development of infection in young individuals, predominantly women from the middle and lower socioeconomic strata of society, is not surprising. In Korea, women are at a higher risk of acquiring Scrub typhus as they work in the farm in a squatting position and use their bare hands. This is unlike the men who stand while working and use tools. [8] In our cohort, apart from farming activity, the predilection of disease in women may be due to the lack of indoor toilets and the practice of open defecation since women are likely to go deeper into scrub vegetation when compared to men. In addition, women squat on the ground outdoors while cooking, and this could also contribute to acquisition of infection.
There are some differences in the risk factors observed in our study as compared with other studies. Factors such as presence of scrub vegetation around the house, presence of wood piles around the house, and presence of cattle around the house have been shown to be prominent factors for the acquisition of scrub typhus in previous studies. [9, 10] However, these were not associated with infection in our study. If we look at geographical controls, where the environment is likely to be similar between cases and controls, not changing underclothes and overclothes before sleeping, resting on mud or grass, and presence of rodents in the house were associated with risk of infection on univariate analysis [ Tables 1 and 2 ]. However, on multivariable analysis, not changing underclothes after coming home was the only factor that tended to be significant after adjusting for other factors [ Table 3 ]. This observation is supported by work by Sharma et al., who observed this phenomenon in the Northern part of India, in Darjeeling. [10] This finding suggests that in a geographical environment that is endemic for scrub typhus, certain behavioral factors such as that observed in our study may put a patient at risk for developing infection.
If we look at clinical controls versus cases, the lack of toilets in the house, involvement in farming or gardening activities, and resting on mud or grass were associated with infection on univariate analysis. However, on multivariate analysis, only involvement in farming was associated with risk of infection. Out of 75 cases, 40 (53.3%) were from an urban area. This was not surprising since this group consisted mainly of daily wage laborers who usually leave their homes in villages to find work in the cities and live on the fringes of cities. These people work not only in the city when jobs are available in the city but also work in the farms during the rainy season when crops such as paddy, sugarcane, and groundnut are planted. This may explain the risk of scrub typhus in those involved with farming or gardening activities. Resting directly on mud or which showed a significance of P<0.2 on univariable conditional regression were used in the multivariable conditional regression model. *Although toilet and bathroom are related activities and appear to be related variables, in many Indian homes, the toilet (the area for defecation and urination) is separated from the bathroom (the area for bathing).
† It is unclear if the presence of rodents is a risk factor for acquisition of scrub typhus although several studies suggest that it is not as they provide an alternative host for the chigger. However, this factor was still incorporated in the multivariable analysis. Blank spaces denote those factors which were not incorporated in the multivariable model since these had a significance of <0.2 on univariable analysis. Involvement in any farming or gardening activities in the clinical controls and not changing underclothes after coming home in the geographical controls were associated with higher odds of acquiring scrub typhus infection. CI: Confidence interval, OR: Odds ratio grass without a mat being a risk factor is again not surprising, since workers during long hours of work, rest in areas adjoining their workplace which often is close to scrub vegetation. This factor has been shown to be a risk factor in studies from Korea as well. [8] Resting on grass could lead to chiggers attaching onto the human host and subsequently infecting them, particularly if they do not change their clothes once they return from work.
The lack of toilets at home, in our study, was found to be a risk factor on univariate analysis. Open defecation has been shown to be a risk factor in South Korea. [8] Open defecation has to be looked at in terms of local cultural beliefs. In South India, there is a notion that the presence of toilets in the home is defiling. Hence, in many households, a bathroom is constructed within the house, whereas the toilet is either a shack within the compound of the house, outside the main structure of the house, or practiced as open defecation in the fields.
The study must be looked at in the light of some limitations. This was a prospective, hospital-based case-control study with two different controls for each case. Thus, it may not truly represent the entire community. Consecutive patients were recruited to overcome selection bias. Data was collected by administering a questionnaire and not by direct observation, and this might have introduced ascertainment bias. Although clinical cases were meant to recruit patients from a different geographical location, unfortunately, most patients (81%) in the study happened to be from within a 30 km radius from the hospital. This inadvertent overmatching could have resulted in not identifying multiple risk factors for disease acquisition since they are likely to have come from similar microenvironments. However, this overmatching in a scrub typhus endemic area probably adds strength to the observation that it is certain activities and behavioral factors such as involvement in farming and not changing undergarments and overclothes after coming home that are independent risk factors for scrub typhus infection and not the environment per se.
conclusIon
In a scrub typhus endemic area, certain activities such as farming and gardening and behavioral factors such as not changing garments after returning from work are associated with higher risk of acquiring scrub typhus infection. Public health interventions such as vector control, particularly during the rainy season, reduction of scrub vegetation, particularly in areas of farming or gardening, and health education may translate to reduction of burden of scrub typhus in South India.
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